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Tbjective: We sought to develop a baseline for long-term survival of patients after
ff-pump bypass of the left anterior descending coronary artery with the heart
eating.
ethods: We reviewed results for 241 consecutive patients with significant obstruc-
ion of the left anterior descending coronary artery who underwent surgery between
ovember 1969 and the end of 1980. The off-pump operative technique involved
levating and stabilizing a segment of the distal left anterior descending coronary
rtery with 4 traction sutures. Starting in 1973, an internal thoracic artery became
he graft of choice, so that a total of 171 patients received an internal thoracic artery
ypass graft, and 70 patients received a saphenous vein graft.
esults: The median survival of patients with internal thoracic artery grafts was 23.7
ears versus 17.9 years for patients with venous grafts (P  .02). Early patency of
rterial grafts was 95%, and late patency was 90%. There were 2 (0.8%) operative
eaths. Seventy of the 74 patients still alive in 2003 were interviewed by telephone,
nd 40 (57%) did not require additional invasive treatment, which is consistent with
ur finding that more than 50% of our patients after bypass of the left anterior
escending coronary remained stable without obstruction of the right or circumflex
rteries. However, atherosclerosis progressed in 30 (43%) of the survivors, who
nderwent reinterventions.
onclusions: Off-pump bypass of the left anterior descending coronary artery with
n internal thoracic artery can be done on a beating heart safely and results in
edian survival of patients for more than 23 years.
his study was undertaken to establish a baseline of long-term survival of
patients who underwent off-pump bypass of the left anterior descending
coronary artery (LAD). We reviewed 241 consecutive patients operated
n from November 1969 through December 1980. The LAD was bypassed with
saphenous vein graft (SVG) in 70 patients and an internal thoracic artery (ITA)
n 171 patients. The last year of the study was 2003, providing 23 to 34 years’
ollow-up.
aterials and Methods
f the 241 patients, 183 were men with a median age of 55.2 years (range, 29–77 years).
ifty-eight patients were women with a median age of 56.3 years (range, 40–73 years). The
atients’ preoperative clinical profiles are summarized in Table 1.
All patients had significant obstruction of the LAD, which was defined as the narrowing
f the vessel’s lumen equal to or exceeding 50%. Preoperative angiograms showed 157
65.2%) patients with coronary obstruction limited to the LAD. Eighty-four (34.8%) patients
ad additional obstructed arteries, including 39 (16.2%) patients with obstructed right
oronary arteries (RCAs), 28 (11.7%) patients with obstruction of the circumflex coronary
rtery (CIRC), and 17 (7.0%) patients with obstruction of all 3 coronary arteries.
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S
A
p
t is
p
s
4
s
4
L
c
b
o
t
a
l
b
w
fi
w
r
c
u
u
P
P
m
c
a
i
b
P
f
p
v
i
w
s
L
r
R
T
4
l
r
T
6
T sch-
e
O
a
s
o
S
T
T
P
A
V
P
W
C
P
C
S
P
T
Surgery for Acquired Cardiovascular Disease Ankeney and Goldstein
1
A
CDurgical Technique
ll graft operations bypassing the LAD were performed off
ump with the heart beating by using a previously described
echnique.1,2 Laparotomy pads placed behind the heart d-
laced it anteriorly, exposing the distal LAD. Two 3-0 silk
utures were passed under the LAD 3 to 5 cm apart, and a
-0 silk suture was passed through the adventitia along each
ide of the elevated coronary segment. Gentle traction of the
sutures elevated and stabilized a distal segment of the
AD. If coronary occlusion was not complete without ex-
essive traction of sutures passed under the LAD, a small
ulldog vascular clamp was applied to attain a bloodless
perative field. An anastomosis of an arterial or venous graft
o a linear opening of a stabilized LAD was easily and
ccurately performed. The beating heart maintained circu-
ation in all patients without conversion to cardiopulmonary
ypass.
Beginning in 1973, the decision was made that the ITA
ould be the bypass vessel of choice. One hundred sixty-
ve LADs and 3 diagonal coronary arteries were bypassed
ith a left ITA (LITA), and 3 LADs were bypassed with a
ight ITA. For convenience, in this text the term ITA indi-
Abbreviations and Acronyms
CIRC circumflex coronary artery
ITA  internal thoracic artery
LAD  left anterior descending coronary artery
LITA left internal thoracic artery
PCI  percutaneous coronary intervention
RCA  right coronary artery
SVG  saphenous vein graft
ABLE 1. Patient characteristics
Patients 241
Male patients 183
Female patients 58
Angina 175
Unstable angina 33
Impending infarction 22
Left main stenosis 3
Positive stress test result 42
Previous myocardial infarction 76
Congestive heart failure 4
Hypertension 43
Diabetes 9
Hypercholesterolemia 32
Left ventricular dysfunction
Mild 45
Moderate 16
Severe 3
Family history 39iSmokers 45
500 The Journal of Thoracic and Cardiovascular Surgery ● Junates use of either a right or left ITA as a graft. The ITA was
sed to bypass the LAD in 171 patients, and an SVG was
sed in 70 patients.
atient Follow-up
atients’ physicians and cardiologists were contacted by
ail and telephone, with very little response. Many physi-
ians had died, and those who were retired did not have
ccess to their patients’ records. Physicians treating surviv-
ng patients were reluctant to provide clinical information
ecause of the privacy rule under the Health Insurance
ortability and Accountability Act.
The information in this report was primarily gained
rom reviewing clinical charts and reports, including 182
ostoperative follow-up coronary angiograms. This re-
iew of records was augmented by personally interview-
ng 70 of the 74 patients alive in 2003. Surviving patients
ere well informed about their clinical status, additional
tudies, and procedures, including whether their original
AD bypass graft was functioning and which vessels
equired reintervention.
esults
here were 2 (0.8%) operative deaths. One occurred in a
5-year-old woman who had irreversible ventricular fibril-
ation 2 hours after the operation. Postmortem examination
evealed undiagnosed left main coronary artery obstruction.
he second death was due to an aortic dissection in a
8-year-old man who had an SVG bypass of the LAD.
Operative complications of the 241 patients are shown in
able 2. Two patients had transient cerebrovascular i
mia. Superficial wound infections occurred in 5 patients.
ne patient had re-exploration for cardiac tamponade, and
nother had a wound dehiscence that required secondary clo-
ure. Sixteen patients experienced atrial fibrillation, and 16
ther patients showed evidence of myocardial ischemia with
-T segment changes and myocardial enzyme increases.
The 16 patients who showed evidence of myocardial
ABLE 2. Operative complications
n %
atients without complications 191 79.2
trial arrhythmias 16 6.6
entricular arrhythmias 5 2.1
erioperative myocardial ischemia 16 6.6
ound infection 5 2.1
erebrovascular accident (transient) 2 0.8
ostpericardiotomy syndrome 4 1.7
ardiac tamponade 1 0.4
econdary wound closure 2 0.8
ericarditis 1 0.4
otal 241schemia at the time of their operations were reviewed as a
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A
CDeparate subgroup. The overall average survival of this
ubgroup was 19.2 years, and 3 patients of that subset were
live in 2003. It was gratifying to learn that these patients
ith perioperative myocardial ischemia did as well as the
ther patients in this study. Post-LAD bypass angiocardio-
rams in 15 of these patients only showed 4 small apical
neurysms.
According to the Social Security Death Index, by the end of
his review in December 2003, 167 (69.3%) of the original 241
atients had died, and 74 (30.7%) were still alive. Death
ertificates were requested from appropriate states to ascertain
he patients’ time and major cause of death. Of the 140 certif-
cates available for review, cardiac was listed as the major
ause of death for 72 (51.4%) patients, cancer for 25 (17.9%)
atients, pulmonary for 21 (15.0%) patients, and cerebrovas-
ular accident for 8 (5.7%) patients.
Our statistical analysis addressed the issue of each indi-
idual patient’s actual survival after LAD bypass surgery
ompared with the amount of time they would have been
xpected to live as predicted by actuarial estimates based on
S vital statistics compiled during the same period of time
s the patients’ operations.
Of the 241 patients, 112 survived longer than expected,
nd 129 survived for a shorter time than expected. The P
alue for the sign test was less than .3. There was no
tatistically significant difference in survival because about
alf of the operative patients survived longer and about half
urvived less long than they would have without having
eart disease and undergoing bypass of their LAD. As
etailed in 5-year increments, the 5-, 10-, 15-, 20-, 25-, and
0-year survivals were 93%, 82%, 73%, 56%, 41%, and
1%, respectively. Of the 70 patients interviewed in 2003,
0 (57%) did not require additional invasive procedures, but
0 (43%) underwent reinterventions.
Comparison of patients grouped by their type of graft indi-
ated a median survival of 23.7 years for patients with ITA
ypass grafts, which was longer than the 17.9-year median
urvival for those with SVG grafts. This difference was found
ABLE 3. Results of Breslow test to compare survival data
y number and indicate which coronary arteries were
bstructed
Comparisons P value
LAD vs LAD-RCA .37
LAD vs LAD-CIRC .0497
LAD vs LAD-RCA-CIRC .0001
LAD-RCA vs LAD-CIRC .28
LAD-RCA vs LAD-RCA-CIRC .0009
LAD-CIRC vs LAD-RCA-CIRC .06
AD, Left anterior descending coronary artery; RCA, right coronary artery;
IRC, circumflex coronary artery.o be significant by using the Breslow test (P  .02). Of 171 a
The Journal of Thoracicatients with ITA grafts, 115 (67%) initially had disease lim-
ted to the LAD. Of those 115, 45 (39.1%) survived, and these
atients comprised 60.8% of the 74 long-term survivors. The
atients who originally had SVGs accounted for an additional
0 (14%) of the 74 long-term survivors.
Kaplan–Meier analysis (with the Breslow test) was used
o examine survival by number and type of coronary arteries
bstructed. This comparison revealed that survival of pa-
ients with obstruction of the LAD alone and patients with
bstruction of the LAD and RCA was not significantly
ifferent (P  .37). Both groups survived significantly
onger (P  .0001 and P  .0009, respectively) than pa-
ients with all 3 coronary arteries obstructed. In contrast,
here was not a significant (P  .06) difference between the
urvival rate of patients with the 2-vessel combination of
AD and CIRC, although it was nearly significant. These
ndings suggest that patients with the combination of LAD
nd CIRC obstruction do not do as well as patients with
AD and RCA obstruction after ITA bypass of the LAD
Table 3).
Patency data were available for 40 of the 70 patients who
ad SVGs and 107 of the 171 patients with ITA grafts.
uring the first 2 years after bypass surgery, 9 (22.5%) of
0 SVGs closed. Over the ensuing years, an additional 7
VGs closed, for a long-term patency of 60%.
Of the 107 ITA grafts, 4 (3.7%) closed within the first 2
ears, for an early patency rate of 96% (103/107). By the
nd of the study, another 7 ITA grafts closed, for a long-
erm patency of 89.7% (96/107). There was significantly
onger patency for the ITA grafts versus the SVGs (P 
001, Table 4).
By comparing preoperative and late postoperative angio-
rams of 78 patients after ITA grafting of the LAD, it was
ossible to monitor the postoperative obstruction of addi-
ional coronary arteries. The average time between the 2
ompared angiograms was 11.4 years.
Additional coronary arteries did not become obstructed
n 29 (37%) of the 78 patients after bypass of the LAD.
owever, progressive atherosclerosis in 49 (63%) patients
bstructed an additional 27 RCAs and 42 CIRCs. Regres-
ion of coronary atherosclerosis was not reported in any of
he 182 postoperative angiograms because the atherosclero-
is either stayed the same or increased.
Forty-nine patients underwent reinterventions, including
2 with ITA grafts and 7 with SVGs. Twenty-six of the 42
atients with ITA grafts were still alive in 2003, surviving
ABLE 4. Early and late patency of SVGs and ITA grafts
rafts (n) Early patency <2 y Late patency as last known
TA (107) 103/107 (96.3%) 96/107 (89.7%)
VG (40) 31/40 (77.5%) 24/40 (60%)n average of 27.2 years. The 26 survivors’ freedom from
and Cardiovascular Surgery ● Volume 133, Number 6 1501
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1
A
CDntervention averaged 17.2 years, during which time 19
atients acquired obstruction of all 3 coronary arteries, but
4 ITA grafts remained open.
In contrast, 16 patients with ITA grafts who survived an
verage of 11.1 years after undergoing reintervention had
ar advanced and aggressive coronary disease, and 8 of 16
ypass grafts failed to function.
Four of the 7 patients with an SVG graft who had reinter-
entional operations survived through 2003. Three of the 4
urvivors’ original SVG grafts were still functioning after 31,
2, and 33 years, respectively.
Because performing percutaneous coronary intervention
PCI) in patients with 100% obstruction can be challeng3
e reviewed 30 patients with completely obstructed LADs.
ine were still alive in 2003, and the average survival for all 30
as 17.7 years. Six patients underwent reinterventions, includ-
ng bypass of 2 failed LAD grafts.
iscussion
n 1973, the ITA was chosen as the graft of choice for
ypassing the LAD because of Vineberg’s4 pioneering work
n the 1950s, demonstrating that the LITA buried in the
nterior left ventricular myocardium remained open without
lood flow. Angiogenesis developed and provided new
lood vessels that joined with the LITA graft, which re-
ained patent for 15 to 20 years. In some patients the buried
ITA graph provided the only blood supply to the heart.
After completing this series of ITA bypasses of the LAD,
thers showed in the early 1980s that an ITA was indeed an
xcellent bypass graft with high early and late patency rates.
his review corroborates their findings, even when the
ypass operation was performed off pump with the heart
eating.
One of the 2 operative deaths was due to an aortic
issection in a 68-year-old man who had an SVG bypass of
he LAD. Postmortem examination showed an intimal tear
everal centimeters proximal to the venous aortic anasto-
osis. It can be argued that maintaining systemic pressure
n the aorta, as occurred in our off-pump operations with the
eart beating, made partially occluding an aorta more haz-
rdous and difficult to perform a venous anastomosis than is
ossible with a collapsed aorta in patients receiving cardio-
ulmonary bypass with the heart stopped. The difference of
perating on a distended and collapsed aorta might account
or our reduced early patency with SVGs.
Since the mid-1990s, off-pump coronary bypass surgery
as been performed with various instruments5-7 to stabilize
target coronary artery. The simple operative technique
sed in this series of off-pump LAD bypasses involved 4
raction sutures that elevated and stabilized a distal segment
f the LAD and provided an uncluttered and bloodless
perative field for an accurate anastomosis of an SVG or
TA graft. s
502 The Journal of Thoracic and Cardiovascular Surgery ● JunThe median survival for patients with ITA grafts was
3.7 years, and that for patients with SVGs was 17.9 years.
he median survival for all patients was 22.6 years. These
ndings showing the superiority of the use of an ITA graft
ersus an SVG are similar to those reported by others8
The survival of our patients was consistent with the
atency characteristics of ITA grafts. During the first 2
ears after LAD bypass, 95% of ITA grafts functioned and
emained open over an extended number of years, with a
ate patency of 90%. As detailed in 5-year increments, 93%
f patients were alive after 5 years, and after 20 years, more
han half of the patients (56%) were still living.
As expected, there was a direct correlation between the
atient’s initial amount of disease and survival. Of the 70
urviving patients, 51 (73%) began with isolated obstruction
f the LAD, 12 (17%) had obstruction of the LAD and
CA, and 6 (8.5%) had obstruction of the LAD and CIRC.
f the 17 patients who initially had obstruction of all 3
oronary arteries, only one was a long-term survivor. There-
ore when selecting patients for this technique, our experi-
nce demonstrated that it might not be prudent to bypass the
AD alone when there are 3 vessels obstructed. For those
atients, complete revascularization is indicated.9
Of the 70 survivors we interviewed in 2003, 40 (57%)
equired no additional interventional treatment. Fortunately,
ome patients required only an ITA bypass of the obstructed
AD for long-term survival because atherosclerosis in
any patients after ITA bypass of the LAD remains stable.
On the other hand, 26 of the 70 surviving patients with
TA grafts experienced progressive atherosclerosis, and
fter an average of 17.2 years, 19 patients had obstruction of
ll 3 major coronary arteries. However, 24 of the 26 survi-
ors had open LAD grafts that preserved left ventricular
unction. All 26 survived PCI and coronary artery bypass
rafting reintervention.
Because performing PCI in a patient with a 100% ob-
tructed LAD can be challenging, our experience with 30
atients who had 100% obstruction was quite favorable.
our of the LADs required endarterectomies, and an addi-
ional 7 patients had 100% obstruction of their RCAs, which
id not undergo operations. Nine of the 30 patients were still
live at the end of our review, and the average survival for
ll patients in this group was 17.7 years.
Gruntzig and colleagues’10 introduction of angioplasty i
979 has lead to PCI becoming the preferred invasive
reatment for coronary artery disease. This is especially true
or treatment of patients with obstructed LADs.
Drug-eluting stents have been used for a relatively short
eriod of time as initial treatment of obstructed LADs.11-14
ime will tell whether drug-eluting stents can keep ob-
tructed LAD coronary arteries open for 20 to 30 years with
he same success as is possible with off-pump ITA grafts, as
hown in this long-term follow-up review.
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A
CDtatistical Analysis
n preliminary analyses, variables were characterized by the para-
etric descriptive statistics, the mean and standard deviation
nd/or the nonparametric descriptive statistics, and the median and
nterquartile range, as appropriate. Also, for some variables, the
5% confidence interval for the mean or median was calculated.
tatistical differences between groups with respect to quantitative
ata were examined by using the parametric Student t test or the
onparametric Mann–Whitney U test, which is equivalent to the
ilcoxon rank sum test. Statistical differences between groups
ith respect to categoric data were examined by using the Fisher
xact test or the 2 test, as appropriate.
For survival data and duration of patency, where some values
ere censored because of losses to follow-up or where survival
ad continued until the study ended, special techniques were
ecessary. To address the issue of overall survival experience of
atients, individual patient’s actual survival after the (first) oper-
tion was compared with the amount of time they would have been
xpected to live by actuarial estimates (based on US vital statistics
overing the time of their operation) so that the actual ages when
he operations occurred would not be obscured by using average or
edian ages. These comparisons for individual patients were then
nalyzed by using the sign test. e
503.e1 The Journal of Thoracic and Cardiovascular Surgery ● JTo examine the postoperative survival experiences of patient
roups and duration of patency, the product-moment method of
aplan–Meier was used to provide estimated postoperative
urvival curves where the data of surviving patients are fully
ncorporated, even when censoring occurs. These curves graph-
cally depict the cumulative survival distribution over time. The
ey descriptive statistic for this distribution is the sample me-
ian, with a sense of its precision given by the 95% confidence
nterval of that estimate. To compare the Kaplan–Meier curves
f 2 patient subgroups, the Breslow test was used because it is
ost appropriate when the curves cross or coincide in the later
ears (which is the situation with these data because most
atients had operations as older adults). The Breslow test was
referable here because it gives greater weight to the occur-
ence of earlier deaths. The log-rank test, which is often used to
ompare Kaplan–Meier curves of 2 patient subgroups, is less
onservative than the Breslow test in that it gives equal weight
o the occurrence of all deaths observed during follow-up.
It is recognized that there was multiple testing of outcome data
rising from individual patients; however, an adjustment of P
alues, such as correction by using the Bonferroni method, would
ave removed all instances of statistical significance. Also, be-
ause we were concerned with highlighting any potential differ-
nces, the uncorrected P values are presented.
une 2007
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atient identifier Date of operation Date of death Type
36 1970 1974 SVG
62 1974 1984
95 1975 1997
96 1971 1980 SVG
102 1972 1996
122 1975
131 1975
140 1977 1988 SVG
142 1977 1985 SVG
153 1971 1988 SVG
167 1970 2000 SVG
201 1976 1999 SVG
218 1977 1999
224 1972 SVG
226 1970 1989 SVG
265 1976 1997
Total 9
C, Death certificate.ial ischemia
of graft Open Closed Survival in years Cause of death
1 4 Cardiac
ITA 1 10 Cancer
ITA 1 22 Cardiac
1 9 Cardiac
ITA 1 24 Cardiac
ITA 1 28 No DC
ITA 1 28 No DC
11 Trauma
8 Cardiac
17 Aneurysm
29 Pulmonary
1 23 Pulmonary
ITA 1 22 Cardiac
31 No DC
19 Cardiac
ITA 1 23 Hepatic
7 8 2 Average,19.2The Journal of Thoracic and Cardiovascular Surgery ● Volume 133, Number 6 1503.e2
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